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(57) Abstract 

In a telecommunication device the handling of data to be transmitted proceeds according to a protocol stack having a L3 layer and 
a MAC layer. For handling data flows between the L3 layer and the MAC layer the following steps are perfomed: a flow of data to be 
transmitted coming from the L3 layer is demultiplexed (206, 207, 403, 404) into a number of component data flows, each component data 
flow having a certain Quality of Service requirement; the component data flows are arranged into groups where the Quality of Service 
requirement of each component data flow in a group is similar to the Quality of Service requirements of the other component data flows 
belonging to the same group; the component data flows are multiplexed (225, 226, 227, 409) groupwise into multiplexed data flows; and 
the multiplexed data flows are outputted to the MAC layer. 
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Method and System for Bearer Management in a Third Generation Mobile 
Telecommunications System 

5 The invention applies generally to the management of bearer services in a third 
generation mobile telecommunications system. Especially the invention applies to 
the establishment and upkeep of bearers for services that have different quality of 
service requirements between a mobile station and the fixed parts of the mobile 
telecommunications system. 

10 

The denomination "mobile telecommunications system" refers generally to any 
telecommunications system which enables a wireless communication connection 
between a mobile station (MS) and the fixed parts of the system when the user of 
the mobile station is moving within the service area of the system. A typical mobile 

15 communications system is a Public Land Mobile Network (PLMN). The majority of 
mobile telecommunications systems in use at the time of filing this patent application 
belong to the second generation of such systems, a well-known example being the 
GSM system (Global System for Mobile telecommunications). The invention applies 
mostly to the next or third generation of mobile telecommunications systems. A 

20 system known as the UMTS (Universal Mobile Telecommunications System), which 
currently undergoes standardisation, is used as an example. 

In third generation systems the concepts of a bearer and a service are introduced. A 
bearer generally corresponds to the older concept of a traffic channel, defining for 

25 example the user data rate and Quality or Service (QoS) that will be provided by the 
system for transferring information between a mobile station and some other part of 
the system. For example a bearer between the mobile station and a base station is a 
radio bearer and a bearer between a radio network controller and a core network is 
an Iu bearer (the interface between a radio network controller and a core network is 

30 called the Iu interface). A service is something that necessitates information transfer 
between a mobile station and the fixed parts of the system, like a phone call or the 
transfer of a text message. A major task for the operation of a third generation 
mobile telecommunications system is to manage (set up, keep up and tear down as 
necessary) the bearers so that each requested service can be provided to the mobile 

35 stations without wasting the available bandwidth. 

Some of the problems of bearer management will be illustrated in the following by 
referring to packet-switched data transmission functions, where one of the most 
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Correspondingly block 103 represents the known lower layer (BSSGP; Base Station 
Subsystem GPRS Part) functions that are needed below the LLC layer 101 in a 
SGSN. The interface between the LLC layer 101 and the RLC/MAC layers is called 
the RR interface and the interface between the LLC layer 101 and the BSSGP layers 
5 is called the BSSGP interface. 

Above the LLC layer there are the known GPRS Mobility Management functions 
104, Subnetwork Dependent Convergence Protocol (SNDCP) functions 105 and 
Short Messages Services functions 106 that belong to Layer 3 in the layered 

10 protocol structure that is employed. Each one of these blocks has one or more 
interfaces with the LLC layer 101, connecting to its different parts. The Logical 
Link Management Entity 107 has an LLGMM control interface (Logical Link - 
GPRS Mobility Management) with block 104. Mobility management data is routed 
through a LLGMM data interface between block 104 and the first Logical Link 

15 Entity 108 of the LLC layer. The second 109, third 110, fourth 111 and fifth 112 
Logical Link Entities connect to block 105 through the corresponding interfaces; 
according to the QoS levels handled by each of the Logical Link Entities the 
interfaces are known as QoS 1, QoS 2, QoS 3 and QoS 4. The sixth Logical Link 
Entity 113 of the LLC layer connects to block 106 via an LLSMS interface (Logical 

20 Link - Short Messages Services). The Service Access Point Identifiers or SAPIs of 
the first 108, second 109, third 110, fourth 111, fifth 112 and sixth 113 Logical Link 
Entities are respectively 1, 3, 5, 9, 11 and 7. Each one of them is connected inside 
the LLC layer to a multiplexing block 114, which handles the connections through 
the RR interface to block 102 in a mobile station or the connections through the 

25 BSSGP interface to block 103 in an SGSN. 

The connection between the multiplexing block 114 and the lower layer block 102 
in the MS may be described as a "transmission pipe". Because all data flows 
between the upper parts of the LLC layer and the lower layers 102 go through the 

30 same multiplexing procdure 1 14 and the same transmission pipe, the maximum bit 
rate and mean bit rate parameters of the available QoS profile relate to this 
transmission pipe. However, the GPRS standard does not define this relation clearly. 
The QoS profile is negotiated during the PDP activation procedure referred to 
above, and it can not be changed after initial assignment. For example it is not 

35 possible to change the maximum bit rate and/or the mean bit rate according to the 
momentary needs of the user otherwise than below a certain maximum negotiated at 
the activation of the PDP context. Although this problem has been described in 
context of GPRS services, it applies generally to all such mobile 
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telecommunications systems where different services will require different QoS 
profiles but their relation to the information exchange between the Logical Link 
Control layer and the lower layers have been poorly and/or inflexibly defined. 

5 It is thus an object if this invention to provide a method and a system for managing 
the bearers in a mobile telecommunications system so that the changing data 
transmission needs of a user during a connection may be accounted for. 

The objects of the invention are fulfilled by having several parallel transmission 
10 pipes, corresponding to different QoS profiles, within the layered protocol structure 
and forwarding the QoS needs of the services and/or applications to a Call 
Management entity which then increases or decreases the capacity of each 
transmission pipe according to need. 

15 It is characteristic to a method according to the present invention that it comprises 
the steps of 

a) demultiplexing a flow of data to be transmitted coming from the L3 layer into a 
number of component data flows, each component data flow having a certain 
Quality of Service requirement, 
20 b) arranging the component data flows into groups where the Quality of Service 
requirement of each component data flow in a group is similar to the Quality of 
Service requirements of the other component data flows belonging to the same 
group, 

c) multiplexing the component data flows groupwise into multiplexed data flows 
25 and 

d) outputting the multiplexed data flows to the MAC layer.. 

The invention also applies to a telecommunication device having the characteristic 
means for 

30 - demultiplexing a flow of data to be transmitted coming from the L3 layer of a 
protocol stack into a number of component data flows, each component data flow 
having a certain Quality of Service requirement, 

- arranging the component data flows into groups where the Quality of Service 
requirement of each component data flow in a group is similar to the Quality of 

35 Service requirements of the other component data flows belonging to the same 
group, 

- multiplexing the component data flows groupwise into multiplexed data flows and 

- outputting the multiplexed data flows to the MAC layer of said protocol stack. 
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According to the invention the protocol layers including the known Layer 3 and the 
known MAC layer are structured so that 

- an incoming data flow from Layer 3 is demultiplexed into its potential component 
5 data flows which may have mutually different QoS requirements, 

- the resulting component data flows are processed and 

- the processed component data flows originating from different incoming data 
flows but having similar QoS requirements are multiplexed together before directing 
them further to the MAC layer. 



The QoS requirements that can be taken into account are mainly related to the 
expected delay and the used coding. The invention does not restrict the choice of 
network element to which the invention is applied, but it should be noted that not all 
network elements include all protocol layers. A certain protocol layer in a certain 

15 mobile station or a fixed part of the network has in most cases a peer entity in some 
other device it is communicating with. According to a preferred embodiment of the 
invention the multiplexed bitstream of data flows having similar QoS requirements 
will be conveyed through the whole mobile telecommunications system and 
demultiplexed again only at the PDAN (Packet Data Access Node) or the WMSC 

20 (Wireless / Mobile Switching Centre) from which the component data flows 
continue in a network where their specific QoS requirements are independently 
accounted for. 

The novel features which are considered as characteristic of the invention are set 
25 forth in particular in the appended claims. The invention itself, however, both as to 
its construction and its method of operation, together with additional objects and 
advantages thereof, will be best understood from the following description of 
specific embodiments when read in connection with the accompanying drawings. 

30 Fig. 1 illustrates a known LLC protocol layer, 

Fig. 2 illustrates protocol layers according to an embodiment of the invention, 

Fig. 3 illustrates a system according to an embodiment of the invention, 



10 



35 



Fig. 4 



illustrates parts of Fig. 2 as an example and 



Fig. 5 



illustrates an aspect of a method according to the invention. 
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Fig. 2 illustrates the novel and inventive protocol layers that should replace the 
previously known LLC layer of Fig. 1 in a certain embodiment of the present 
invention. At the top of Fig. 2 there are shown two blocks 201 and 202 that 
5 represent data flows coming from an upper protocol layer, i.e. Layer 3 (also known 
as L3 for short). In Fig. 2 the data flows are shown to be arranged according to IPv4 
(Internet Protocol version 4; block 201) and IPv6 (Internet Protocol version 6; block 
202), but the invention is not restrictive in relation to which protocol has been used 
to compose the upper layer data flows; also a merely unspecified data flow is shown 
10 on the far left. The NSAPs or Network Service Access Points 203, 204 and 205 
through which the upper layer data flows enter the L3CE layer (Layer 3 
Compatibility Entity) are identified by NSAPIs or Network Service Access Point 
Identifiers. The invention does not limit the number of NSAPs that can be used at 
the top of the L3CE layer. 

15 

Inside the L3CE layer those upper data flows that may contain component data 
flows with different QoS requirements are resolved into the appropriate component 
data flows in demultiplexers 206 and 207. In Fig. 2 it has been expected that the 
IPv4 data flow originating from block 201 contains two component data flows and 

20 the IPv6 data flow originating from block 202 contains four component data flows. 
Additionally it has been expected that the first component data flow of the IPv4 data 
flow has similar QoS requirements as the first component data flow of the IPv6 data 
flow and the unspecified data flow coming through NSAP 203; the second 
component data flow of the IPv4 data flow has similar QoS requirements as the 

25 second component data flow of the IPv6 data flow; and the third and fourth 
component data flow of the IPv6 data flow have mutually similar QoS requirements. 

Each demultiplexed component data flow is conveyed from demultiplexer 206 or 
207 to its own traffic shaping block 208, 209, 210, 211, 212 or 213 for traffic 

30 shaping known a such. Other processing options that are available for processing the 
component data flows are for example header compression, data compression and 
ciphering. The invention does not limit the number, order or nature of processing 
options applied to any component data flow; the exemplary combinations shown in 
Fig. 2 are header compression 214 + ciphering 221, data compression 218 + 

35 ciphering 222, header compression 215 + data compression 219 + ciphering 223 (or 
217 + 220 + 224) header compression only 216 or no processing at all. 
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station 301 and both in the WMSC 304 and the packet data access node 305, and the 
Bearer Management (BM) and the Radio resource Management (RM) functions are 
implemented in the mobile station 301 and in the radio network controller 303. In 
the following description it will be expected that the user of the mobile station 301 
has firstly no active connections to any other parts of the network, then he initiates 
an audio connection to an IP network requiring a bit rate of 30 kbit/s, subsequently 
he initiates additionally an H.323 audio connection to the IP network requiring an 
additional bit rate of 10 kbit/s and finally he terminates the first audio connection 
leaving only the H.323 audio connection active. 

An audio connection and an H.323 audio connection are both real-time services 
requiring a very short delay but tolerating a moderate bit error ratio, so they may 
both be classified as requiring "audio quality". 

5 At the moment when the user expresses his wish to activate an audio connection of 
30 kbit/s, a notification is sent to the Call Management block in the mobile station 
which checks through the Bearer Management block, what kind of connections the 
user has already active. Above it was expected that the user did not have any active 
connections before the audio connection so the Call Management block will ask the 
Bearer Management block to set up the necessary bearers together with its peer 
entity in the radio network controller. A radio bearer will be needed between the 
mobile station and the base station subsystem: this belongs to the responsibility of 
the Radio resource Management level so the Bearer Management block will ask it to 
set up a radio bearer of 30 kbit/s. A bearer of 30 kbit/s for audio traffic must also be 
set up over the Iu interface between the radio network controller and the core 
network it connects to: this the Bearer Management block of the radio network 
controller takes care of after contacted by the Bearer Management block of the 
mobile station. After the Bearer Management level has accomplished the task of 
setting up the bearers, it will inform the Call Management level, whereby the 
connection has been established according to the wish expressed by the user. 

The following stage in the example is the one where the user requests for an 
additional H.323 audio connection of 10 kbit/s. A notification is again sent to the 
Call Management block which checks through the Bearer Management block, what 
kind of connections the user has already active. The Bearer Management block will 
notice that the user has already an active connection with similar QoS requirements, 
so it will ask the Radio resource Management level to increase the "width" of the 
radio bearer to 40 kbit/s. Simultaneously the Bearer Management block of the radio 
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network controller increases the "width" of the Iu bearer to 40 kbit/s. Thereafter the 
Bearer Management level informs the Call Management level that the bearers have 
been updated to house the new connection. 

5 At the last stage of the example the user terminates the 30 kbit/s connection but 

«» 

leaves the 10 kbit/s connection active. The Call Management entity will ask the 
Bearer Management block to release the resources allocated to the 30 kbit/s 
connection, whereby the Bearer Management level will first ask the Radio resource 
Management level to narrow down the radio bearer to 10 kbit/s. The Bearer 
10 Management block of the radio network controller will also narrow down the Iu 
bearer to 10 kbit/s. 

In Fig. 4 the audio connection has its audio information source within block 401 and 
the H.323 audio connection originates in block 402; actually the source of the 

15 information may be somewhere else but the simplified block representation is useful 
for understanding the invention. Both data flows have their own demultiplexers 403 
and 404 respectively. In this case the data flows coming from the L3 layer consist of 
only one component stream each, meaning that the demultiplexing operation in 
demultiplexers 403 and 404 is merely the same as directing the data flow into the 

20 correct traffic shaping block 405 or 406. The data flow relating to the H.323 audio 
connection undergoes header compression in block 407 and ciphering in block 408, 
and the data flows are multiplexed in a common multiplexer 409 because both have 
similar QoS requirements. Taken that the setting up and tearing down of the 
connections follow the above-given order, it should be noted that first (after the 

25 initial audio connection activation) there is only one input to multiplexer 409, 
namely the component data flow coming from demultiplexer 403 through traffic 
shaper 405. Thereafter there are both of the two inputs to multiplexer 409 for a 
while, until after the termination of the audio connection only the component data 
flow relating to the H.323 audio connection remains. 

30 

Fig. 5 is a flow diagram that illustrates the alternatives of operation when bearers 
relating to certain QoS are handled according to an advantageous embodiment of the 
invention. At state 501 there is noticed that a change is needed in the amount of data 
transfer capacity currently allocated to services with a certain QoS determination. 
35 Stage 502 is a decision step where it is determined whether the change means an 
addition of allocated capacity (positive decision at stage 502) or the cancellation of a 
part of the previous allocations (negative decision at stage 502). Comparing with the 
example discussed above, both the moment when the user expresses his wish to 
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activate an audio connection of 30 kbit/s and the one where the user requests for an 
additional H.323 audio connection of 10 kbit/s cause a transition from stage 501 to 
stage 502 and further to stage 503, where the Call Management functionality checks 
through the Bearer Management functionality the potential availability of previous 
5 bearers with the same QoS. If there are no such bearers available, a new bearer is set 
up according to stage 504; this is the case of activating the audio connection of 30 
kbit/s above. If at stage 503 it is found out that a previous bearer with the same QoS 
already exists, the "width" or data transfer capacity of the bearer is increased at 
stage 505. This is the case when the H.323 audio connection of 10 kbit/s is 
10 additionally set up in the previous example. 

A negative decision at stage 502 means that capacity allocations should be cancelled 
rather than added, corresponding to the moment in the previous example when the 
user terminates the 30 kbit/s connection but leaves the 10 kbit/s connection active. 
15 At stage 506 a decision is made either to cancel a part of the previous allocations 
(stage 507) or to tear down a whole bearer (stage 508) if the required decrease in 
capacity means that a certain bearer with a certain QoS is not needed at all any 
more. From each of the stages 504, 505, 507 and 509 there is a transfer to the end 
stage 509, after which a new round starting from stage 501 is immediately possible. 

20 

The invention has several advantageous features: 

- The number of objects and/or processes belonging to certain protocol layers is 
relatively small. In a mobile station the number of LLE's and RLCP (Radio Link 
Control Protocol) objects and/or processes is meant, in a radio network controller 

25 the number of RLCP objects and/or processes is meant and in a PDAN the number 
of LLE's is meant. If the multiplexing of data flows having different QoS would be 
perfomed on the MAC level, for example, the number of the objects and/or 
processes would not be limited by anything; it would be directly proportional to the 
number of simultaneous connections. Having a limited number of objects and/or 

30 processes sets more relaxed requirements to the processing capability and memory 
size of the devices concerned, which is a major advantage at least in the mobile 
station where these resources are scarce. 

- Because the handling of all component data flows requiring similar QoS has been 
combined, only few LLE objects are needed to handle transmissions where 

35 acknowledgement (ARQ) is required. Especially with selective acknowledgement 
schemes the overhead caused by acknowledgement frames gets smaller. 

- If the multiplexing of data flows having different QoS would be perfomed on the 
MAC level, a mechanism should be devised to include into each MAC frame 
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information about to which data flow the MAC frame belongs. Such overhead is not 
needed in the invention, because the existing NSAPI, DCOMP or PCOMP 
information in the L3CE frames is sufficient to identify the correct data flow. 
- On the network side the invention enables easier handling of the "transmission 
5 pipes" at the Iu interface between a radio network controller and a core network. 
The number of "transmission pipes" relating to one user is smaller which makes for 
example handovers easier. Additionally the required size of buffers in the radio 
network controller is smaller than if the multiplexing of data flows having different 
QoS would be perfomed on the MAC level. 

10 

As discussed above, the processing of information to be transmitted in a 
telecommunication device takes place in an arrangement of processing capacity in 
the form of microprocessor(s) and memory in the form of memory circuits. Such 
arrangements are known as such from the technology of mobile stations and fixed 

15 network elements. To convert a known telecommunication device into a 
telecommunication device according to the invention it is necessary to store into the 
memory means a set of machine-readable instructions that instruct the 
microprocessor(s) to perform the operations described above with reference to Figs. 
2 to 4. Composing and storing into memory of such instructions involves known 

20 technology which, when combined with the teachings of this patent application, is 
within the capabilities of a person skilled in the art. 
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Claims 

1. Method for handling data flows in a telecommunication device, in which 
method the handling of data to be transmitted proceeds according to a protocol stack 
having a L3 layer and a MAC layer, characterised in that it comprises between the 

5 top of the L3 layer and the bottom of the MAC layer the steps of 

a) demultiplexing (206, 207, 403, 404) an L3 layer flow of data to be transmitted " 
into a number of component data flows, each component data flow having a certain 
Quality of Service requirement, 

b) arranging the component data flows into groups where the Quality of Service 
10 requirement of each component data flow in a group is similar to the Quality of 

Service requirements of the other component data flows belonging to the same 
group, 

c) multiplexing (225, 226, 227, 409) the component data flows groupwise into 
multiplexed data flows and 

1 5 d) outputting the multiplexed data flows to the MAC layer (MAC). 

2. Method according to claim 1, characterised in that it comprises between steps 
a) and b) a step of processing (208, 209, 211, 212, 213, 214, 215, 216, 217, 218, 
219, 220, 221, 222, 223, 224, 405, 406, 407, 408) the component data flows. 

20 

3. Method according to claim 2, characterised in that said processing comprises 
one or more of the following operations: traffic shaping (208, 209, 211, 212, 213, 
405, 406), header compression (214, 215, 216, 217, 407), data compression (218, 
219, 220), ciphering (221, 222, 223, 224, 408). 

25 

4. A method for altering the allocations of data transfer capacity in a 
telecommunication system where the mutual communication of a terminal device 
and a network device is arranged into bearers, each bearer being associated with a 
certain quality of service, characterized in that it comprises the steps of 

30 a) deciding (502), whether a certain alteration in the allocation of data transfer 
capacity (501) means the need for more allocated capacity with a certain quality of 
service, 

bl) as a response to a positive decision at step a), deciding (503), whether 
there already exists a certain first bearer associated with said quality of service 
35 between the terminal device and the network device, 

cl) as a response to a positive decision at step bl), increasing (505) the 

capacity of said existing first bearer, 
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c2) as a response to a negative decision at step bl), setting up (504) a 

new bearer between the terminal device and the network device, 
b2) as a response to a negative decision at step a), deciding (506), whether said 
alteration in the allocation of data transfer capacity means the complete 
5 termination for a need of a certain existing second bearer, 

c3) as a response to a negative decision at step b2), reducing (507) the 

capacity of said existing second bearer, and 

c4) as a response to a positive decision at step b2), tearing down (508) 
said existing second bearer, 

10 

5. A telecommunication device for handling information to be transmitted in the 
form of data flows and processing information to be transmitted according to a 
predetermined protocol stack comprising an L3 layer and a MAC layer, 
characterised in that comprises means for 
15 - demultiplexing (206, 207, 403, 404) a L3 layer flow of data to be transmitted into a 
number of component data flows, each component data flow having a certain 
Quality of Service requirement, 

- arranging the component data flows into groups where the Quality of Service 
requirement of each component data flow in a group is similar to the Quality of 

20 Service requirements of the other component data flows belonging to the same 
group, 

- multiplexing (225, 226, 227, 409) the component data flows groupwise into 
multiplexed data flows and 

- outputting the multiplexed data flows to the MAC layer (MAC) of said protocol 
25 stack. 
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